Objective: Nested variant is bland-looking but aggressive subtype of urothelial carcinoma (UC). Cases having significant muscle invasion do not cause problems but small and superficial biopsies may be challenging due to morphological similarities between nested variant urothelial carcinoma and benign urothelial lesions.
INTRODUCTION
Urothelial carcinoma (UC) constitutes more than 90% of all bladder cancers. About ten different special histological subtypes of UC are defined in the World Health Organization (WHO) 2016 classification (1) . Due to histological and genetic heterogeneity in UC and the differentiation capacity of urothelium to different cell types, some UC subtypes may have special morphological features that can be confused with reactive lesions and sometimes metastatic tumors (2) .
Nested variant is one of the rare but aggressive subtypes of UC (1, 3) . Histologically, nested variant UC is characterized by bland-benign looking cells that form small/large nests, microcysts and tubules that sometimes anastomose with each other. An in situ UC component usually does not accompany invasive tumor on the mucosal surface. Determining significant muscle invasion helps the diagnosis of nested UC. However, in small and superficial biopsies, considering benign lesions like von Brunn nests, cystitis cystica and inverted papilloma in the differential diagnosis could be misleading. Despite the well-differentiated morphological apperance, nested variant UC presents at an advanced stage (2, 4, 5) . Although immunohistochemical markers such as Ki-67, p53, and cytokeratin 20 are used for distinguishing them from benign lesions like von Brunn nests in small and superficial biopsies, their help is limited (6, 7) . Detection of TERT promoter mutation was suggested in a recent study (8) . Glucose transporter 1 (GLUT-1) is the main hope for the differential diagnosis in those difficult cases where the differential diagnosis cannot be made.
GLUT-1 has previously been studied in several tumors in the literature, mainly to find out its role in the differential diagnosis of those tumors. GLUTs (facilitative glucose transporters), are integral membrane proteins providing glucose pass through the plasma membrane down its concentration gradient. GLUT-1 from class 1 is the bestknown protein from the GLUT family, which consists of 3 subclasses depending on sequence similarity, including 14 staining system (Ventana Medical Systems, Inc., Tucson, AZ, USA) and antibody against GLUT-1 (polyclonal rabbit anti-human; cat.no. ab652; 1:200; Abcam, Cambridge, UK). Briefly, the tissue sections were deparaffinized with EZ Prep solution (Ventana Medical Systems, Inc.) at 75˚C, pretreated with cell conditioning 1 (CC1) solution (Ventana Medical Systems, Inc.) for antigen retrieval at 95˚C, and incubated with hydrogen peroxide (Ventana Medical Systems, Inc.) for 4 min to block endogenous peroxidase activity. The sections were then incubated with the Glut-1 primary antibody for 32 min at 37˚C. Next, the sections were treated using the Endogenous Biotin Blocking Kit (Ventana Medical Systems, Inc.) followed by incubation with a streptavidin-horseradish peroxiadeconjugated secondary antibody (monoclonal goat antirat; cat. no. 760-500; 1:200; Ventana Medical Systems, Inc.) for 8 min at 37˚C. The immunolocalized Glut-1 were visualized using a copperenhanced DAB reaction. The slides were counterstained with hematoxylin II (Ventana Medical Systems, Inc.) for 4 min and Bluing Reagent (Ventana Medical Systems, Inc.) for 4 min and coverslips were applied using an automated coverslipper (Tissue-Tek Film Automated Coverslipper; Sakura Finetek Japan Co., Ltd., Tokyo, Japan). Only nested variant UC areas, especially superficial fields, were evaluated in mixed UC cases. Membranous staining was accepted as positive. GLUT-1 staining was scored on a scale of 0 to +3 to represent the percentage of positive stained tumoral cells among all tumoral cells (0=<1%, 1=1-25%, 2=26-50%, 3=>51%). Erythrocytes inside blood vessels were used as positive internal controls for GLUT-1. All cases were scored for GLUT-1 immunohistochemistry status by a single pathologist (K.B.).
Ethic Approval
This human study has been reviewed by the appropriate ethics committee and has therefore been performed in accordance with the ethical standards laid down in an appropriate version of the Declaration of Helsinki. All subjects gave their informed consent prior to their inclusion in the study.
RESULTS
The mean age of the patients, which were all male, was 66.5 (range, 54-81). All but one case (96%) showed small nested variant UC histopathological features ( Figure 1A -D). Twelve cases (48%) showed medium and large nested pattern and 1 case had (4%) cystic pattern. Pure nested variant UC was determined in 13 (52%) cases. Twelve (48%) cases showed mixed UC features. Nested variant UC was accompanied by conventional UC in 10 cases (40%), different proteins. GLUT-1 is found in almost every tissue and especially on the blood-brain barrier and the membrane of erythrocytes. Its expression varies based on the cellular glucose metabolism (9, 10) . Glucose uptake is known as one of the rate limiting steps of glucose metabolism, and cancer cells take glucose from blood 5-10 times more than nonneoplastic cells. One of the mechanisms that is responsible for the excessive glucose uptake is the activation of GLUT (11) . GLUT-1 overexpression is observed in various malignant neoplasms such as breast, lung, and head-neck, and is correlated with a poor prognosis (12) (13) (14) . Therefore, GLUT-1 is thought to be a candidate for targeted therapies (12) .
In this study, we analyzed immunohistochemical staining of GLUT-1 in nested variant UC cases in terms of the differential diagnosis and its possible role in targeted therapies.
MATERIALS and METHODS

Cases
Cases diagnosed as "urothelial carcinoma" after transurethral resection (TUR) at the pathology department of the Istanbul Education and Research Hospital between 2000 and 2015 were searched via the intranet system of the hospital. Twenty-five cases of nested variant UC were determined within about 4.000 TUR materials. Hematoxylin and eosin (H&E) stained sections of these cases were re-evaluated under the light microscope. The patterns of nested variant UC (small nests, medium and large nests, cystic), the presence of other variants, in situ UC areas, angiolymphatic invasion and perineural invasion were determined. Large nested variant cases were excluded from the study. The most representative, formalin-fixed, paraffin-embedded tissue block was selected for every case for immunohistochemical study. All cases included in the study were diagnosed in accordance with the WHO 2016 classification (1). Staging was done according to the 2010 American Joint Committee on Cancer 7th edition TNM classification (15) .
The control group for the comparison of immunohistochemical staining had twelve cases diagnosed as cystitis glandularis and/or cystitis cystica, and four cases of inverted papilloma. All clinical information was obtained from patient files in the intranet system.
Immunohistochemical Analysis
Immunohistochemical staining procedures were performed on 4 micrometer thick sections from formalinfixed paraffin-embedded blocks using the Benchmark XT showed score 3 staining and 11 showed score 2 staining, whereas no score 1 or 0 staining was observed ( Figure  2A-D) . Membranous staining was detected less in cases accompanied by noninvasive UC and in situ UC. Generally, staining seemed to increase as the lesion invaded from the surface ( Figure 1A) . Progression in the tumor stage did not have an effect on staining. In the control group, 10 cases did not show any staining whereas 2 cases showed score 1 staining ( Figure 3A,B) . Statistically, GLUT-1 positivity in the nested group was significantly higher than in benign lesions and inverted papilloma (p=0.000).
lipid-rich variant UC in 2 cases (8%), micropapillary carcinoma in 2 cases (8%), squamous differentiation in 3 cases (12%) and clear cell carcinoma in 1 case (4%). Rates of the accompanying variants and features varied between 5% and 95%. In situ urothelial carcinoma and peritumoral angiolymphatic invasion was detected in 16 and 8 cases, respectively. Perineural invasion was detected in only 1 case. Six cases showed invasion into lamina propria (pT1) and 19 cases into muscularis propria (pT2).
The immunohistochemical staining results of GLUT-1 are summarized in the Table I . Among nested variant cases, 14 
DISCUSSION
Nested variant UC causes difficulty in distinguishing these lesions from benign lesions of the urothelium such as von Brunn nests, cystitis cystica and nephrogenic adenoma due to its bland-benign looking cytological features with mild atypia. Deeper biopsies containing muscularis propria may be helpful for the diagnosis of malignancy if muscleinvasive epithelial groups are determined. However superficial biopsies sometimes do not contain adequate morphological clue for accurate diagnosis. Although various markers like p53, bcl-2, Ki-67 and p27 were considered for the differential diagnosis in several studies, they were not found to be useful for routine practice (6, 7). In the study by Zhong et al., TERT promotor mutation was investigated in urothelial carcinomas and positive results were determined in nested variant UC cases (8) . However, negative result for TERT promotor mutation was not sufficient for differentiation between nested variant UC and benign urothelial lesions. In our study, we evaluated the possible efficacy of GLUT-1 in routine practice.
GLUT-1 is used for diagnostic purposes and described as a useful immunohistochemical marker for separating reactive mesothelium from malignant mesothelial proliferations (16) . In the study by Weiner et al., the use of GLUT-1 in cell-block materials was suggested for distinguishing between cystic squamous lesions and cystic squamous cell carcinoma in the head and neck region (17) . Studies that evaluate GLUT-1 expression in urothelial lesions reported that normal urothelial epithelium and urothelial papilloma did not express GLUT-1 (18, 19) . Another study revealed that while normal urothelial epithelium progresses to non-invasive and invasive tumors, GLUT-1 expression increases and it is correlated with the Ki-67 proliferation index (20) . We think that the GLUT-1 molecule can be used in differential diagnosis of nested variant UC because of the fact that cancer cells have higher glucose need than reactive processes and benign tumors.
In the light of the information about malignant tumors and GLUT, several approaches have emerged about therapy by inhibition of glucose transport into the cells (21) (22) (23) . Antisense oligodeoxynucleotide-peptide against mRNA and protein synthesis helped inhibition of cell proliferation in vitro (24) . Another study showed the deceleration of cell proliferation in breast cancer and non-small cell lung cancer, and increase in the effect of chemotherapeutic agents with the help of GLUT-1 antibodies (25). Liu et al. had similar results with GLUT-1 inhibitor called WZB117 both in vivo and in vitro (26) . With the help of the studies, GLUT-1 was indicated as a promising target for new antineoplastic drugs.
In our study, 11 of 25 nested variant UC cases showed score 2 and 14 of them showed score 3 immunostaining with GLUT-1. None of the cases in the control group showed as extensive positive staining as tumoral cases. These results showed that GLUT-1 may be a helpful marker when morphological separation cannot be made between nested variant UC and benign urothelial lesions.
Although nested variant UC has similar prognosis with conventional UC when stage-based comparison is made, it usually presents at an advanced stage which results in a poor prognosis (5, 27) . Younes et al. reported that UCs with more than 10% of tumoral cells expressing GLUT-1 were at higher stage (pT2) and had lower survival (28) . UCs with increased GLUT-1 expression were indicated to be higher grade and therefore more aggressive (19) . Our study reveals increased GLUT-1 expression in nested variant UCs. Therapeutic agents against GLUT-1 which were defined as a potential treatment target, may be used for this aggressive subtype of UC. The possible difference between conventional UC and its subtypes with poorer prognosis can be investigated in terms of GLUT-1 expression.
In summary, immunohistochemical staining of GLUT-1 may be useful in distinguishing nested variant UC from benign urothelial lesions. We also believe that anti-GLUT-1 antibody treatment may be an option in the targeted treatment of nested variant UC.
